Introduction: Despite greater need, rural inhabitants and individuals of low socioeconomic status (SES) are less likely to undertake cardiac rehabilitation (CR). This study examined barriers to enrollment and participation in CR among these under-represented groups.
Introduction
Heart disease is one of the leading causes of mortality and morbidity worldwide [1, 2] . Patients with heart disease benefit significantly from participation in comprehensive cardiac rehabilitation (CR) programs, and many clinical practice guidelines promote CR as a standard part of the continuum of care [3] . CR is an outpatient approach to the secondary prevention of heart disease, and it is composed of structured exercise, comprehensive education, and counseling. CR reduces mortality by 25% as well as hospital readmissions, interventional procedures and cardiac risk factors, and improves well-being among both men and women [4, 5] . Despite the well-established benefits of CR, it is significantly under-utilized [6] . In particular, the rates of CR utilization among rural inhabitants and patients of low socioeconomic status (SES) are low [7] . Given that these under-represented populations are at greater risk of suffering from heart disease and its longterm consequences, [7] this represents another disturbing example of the treatment-risk paradox [8] .
Rurality
The term "rural" refers to the population living in towns and municipalities outside the commuting zone of larger urban centers (i.e., with a population of 10,000 or more) [9] . Evidence suggests that rural inhabitants generally have a constellation of risk factors that put them at greater need for CR [7] . For instance, rural patients are more likely to be smokers [10] and less physically active [10] , compared to their urban counterparts.
Despite their greater need for CR [7] , research suggests that rural inhabitants are less likely to undertake CR compared to their urban counterparts [11] . Suaya et al. [12] used patients' residence zip codes to determine distance to the closest CR site, and found that patients in the furthest quintile group, with a mean distance of 31.8 miles, were 71% less likely to utilize CR. Research suggests that barriers that are geographic in nature such as CR site location and distribution, distance, transportation access, parking costs, and patient driving status are significant barriers for patients from rural areas [11] [12] [13] [14] [15] . In addition, other barriers that may influence CR utilization among rural patients include quality of roads and harsh weather conditions [16, 17] .
Socioeconomic status
SES is defined as a hierarchical continuum on the basis of prestige, lifestyle, attitudes, and values, which can define a person's position in society [18] . There is literature to suggest that low SES is associated with greater morbidity and mortality among coronary heart disease patients [19] [20] [21] [22] . Alter et al. [23] found that the prevalence of diabetes, hypertension, smoking, and pre-existing heart disease were higher among poorer, less-educated patients with acute myocardial infarction, as were the total number of cardiovascular risk factors. This reiterates the need for CR in low SES patients.
Suaya et al. [12] found that patients living in zip codes with the highest median household income were 23% more likely to participate in CR than those living in zip codes with the lowest median income. Research suggests that barriers to CR participation among patients of low SES include fewer health benefits such as paid time off from work for preventive health programs, program expense and insurance coverage, and transportation issues [7] .
Although the nature of barriers that rural inhabitants and patients of low SES experience have been described previously [7] , to date, there is lack of research that compares barriers among these vulnerable groups with their respective counterparts using a psychometricallyvalidated and comprehensive CR barriers scale. Moreover, much of the research in this area has stemmed from the United States where cost of CR is a formidable barrier for low SES patients. Ultimately, these barriers may be amenable to modification or intervention [24, 25] , thus potentially increasing CR utilization and facilitating optimal patient recovery and outcomes among these under-represented groups. Accordingly, the objectives of the current study were to compare: [1] CR utilization, and [2] barriers to CR utilization among rural versus urban patients, as well as patients of low versus high SES. It was hypothesized that rural patients and those of low SES would report greater barriers to CR utilization.
Method
Design and procedure This is a secondary analysis of a larger study called Cardiac Rehabilitation care Continuity through Automatic Referral Evaluation (CRCARE) [26] , comparing CR enrollment following different means of referral with quota sampling of under-represented groups. Ethics approval was granted from all participating institutions. CR services are reimbursed through provincial health care (although patients pay for transportation and/or parking at each visit) in the province where this study was conducted.
Cardiac inpatients from 11 hospitals across Ontario were approached to participate in the larger study. Recruiters went to the applicable inpatient unit each business day to ask the nurses whether they were providing care to patients who met study diagnosis criteria. Potentially eligible patients were first approached by someone in their circle of care, to request verbal consent to speak to a recruiter about the study. Upon obtaining written informed consent, clinical data were extracted from medical charts, and a self-report survey with a prepostage stamped envelope were provided to patients.
Patients were asked to complete the survey either during their hospitalization or at home. Among other variables, this survey assessed sociodemographic characteristics. One year later, participants were mailed a follow-up survey assessing CR participation and barriers. The cross-sectional analyses herein were based on this latter cohort of retained participants.
Participants
The inclusion criteria for the larger study were: confirmed acute coronary syndrome diagnosis, patients who had undergone percutaneous coronary intervention, coronary artery bypass graft surgery, or valve repair/replacement or had heart failure. These diagnostic criteria were chosen based on Canadian CR clinical practice guideline recommendations for indicated patients [3] . The exclusion criteria for the larger study were: participation in CR within the past two years, and significant orthopedic, neuromuscular, visual, cognitive and/or any serious mental illness which would preclude CR participation. A total of 2635 stable cardiac inpatients were recruited.
Measures
Rurality was operationalized in relation to drive time to hospital. A 30-minute drive time standard for "accessible" hospital care was originally identified by Bosanac, Parkinson, and Hall [27] . Research has shown that as time of travel increases over 30 minutes, patients are less likely to utilize health care services [28, 29] including CR [30] . The Cardiac Care Network of Ontario Consensus Panel recommended this drive time threshold to define accessible CR. Accordingly, in the current study, patients were asked at the time of recruitment whether they lived within a 30-minute drive of a hospital, and were coded as rural if they responded "no."
The MacArthur Scale of Subjective Social Status was administered in the in-hospital survey [31] . SES can be assessed using objective and/or subjective indicators. Objective indicators of SES refer to income, education, and work status, and these were assessed in the in-hospital survey. On the MacArthur Scale of Subjective Social Status, participants were asked to demarcate their socioeconomic status on a 10-rung ladder compared to others in Canada. Scale scores ranged from 1 to 10, with higher scores indicating greater subjective socioeconomic status. A median split was computed, to categorize participants as high versus low subjective SES.
Self-reported sociodemographic variables measured in the survey administered in-hospital also included patients' marital status and ethnocultural background (response options were based on Statistics Canada). Sociodemographic data obtained from the medical chart included date of birth and sex. Clinical variables obtained from the chart included body mass index (kg/m 2 ), diabetes mellitus, hypertension, dyslipidemia, smoking status, reason for cardiac admission, and comorbidities.
The one-year follow-up survey assessed self-reported CR utilization, through forced-choice response options for referral (yes/no), enrollment (yes/no), and participation (yes/no). Patients were also asked to estimate the percentage of prescribed CR sessions attended (0-100%).
The Cardiac Rehabilitation Barriers Scale (CRBS) assesses patients' perceptions of the degree to which patient, provider, and health system-level barriers affect their CR enrollment and participation [32] . Regardless of CR referral or enrollment, participants were asked to rate their level of agreement with the 21 statements. Items were rated on a 5-point Likert-type scale that ranged from 1 = strongly disagree to 5 = strongly agree. A mean score was computed, with higher scores indicating greater barriers to patient enrollment or participation in a CR program. The CRBS is demonstrated to be a valid and reliable measure [32] .
Statistical analyses
SPSS Version 20.0 [33] was used to analyze the data. First, t-tests and chi-square analyses were performed to assess differences in sociodemographic and in-hospital clinical characteristics between rural versus urban patients and those of low versus high SES. Second, chi-square tests were performed to test differences in CR referral, enrollment, and participation among these subgroups. T-tests were used to assess differences in percentage of prescribed CR sessions attended in each of the subgroups.
To test the objective of the study, a descriptive examination of CR barriers was first performed by subgroup. T-tests were then used to assess whether there were significant differences in total barriers, and for each barrier item by rurality and SES. A Bonferroni correction was applied to control against inflated error due to multiple comparisons for the latter tests, such that a p-value < .002 (.05/21) was considered statistically significant.
Next, we used Pearson's r to assess the relationships between sociodemographic and clinical variables and CRBS. Finally, a General Linear Model was used to assess whether rurality and SES (independent variables) were still related to total CRBS score (dependent variable), after adjusting for the sociodemographic and clinical variables that were significantly related to CRBS identified through the bivariate analyses outlined above and in the literature.
Results

Respondent characteristics
The sample for this study comprised 1809 participants (80.4% retention rate) who completed the one-year follow-up survey. Two patients did not provide information regarding their rural/urban status, whereas 178 participants did not complete the MacArthur Scale of Subjective Social Status. There were some significant differences in the characteristics of participants retained versus those lost to follow-up that are reported elsewhere [26] . Of these participants, 939 (51.9%) participated in CR, at one of 61 sites. The mean CRBS score was 2.03 ± 0.73. Table 1 displays the sociodemographic and clinical characteristics of the participants by rural versus urban residence, and low versus high SES. Rural patients were significantly less often male and had lower rates of coronary artery bypass graft surgery and/or percutaneous coronary intervention compared to urban patients. Patients of low SES were significantly less often male and married, and more often earned lower income annually compared to patients of high SES. In addition, they were more often smokers, and had diabetes and comorbidities.
Rurality
There were 215 (11.9%) participants considered rural. As shown in Table 2 , there were no significant differences between rural and urban patients in terms of referral, enrollment, or participation in CR. However, rural inhabitants reported attending a significantly lower percentage of CR sessions compared to urban inhabitants. Table 2 , rural participants reported significantly greater total CR barriers than their urban counterparts (t = 3.51, p < .001). Rural participants perceived some of their greatest barriers to CR as: already exercising at home or in one's community, distance, and cost. As shown in Table 3 , rural participants rated the following barriers significantly greater than urbanites: distance, cost, transportation problems, severe weather, and family responsibilities.
As shown in
Socioeconomic status
The mean subjective SES score was 6.37 ± 1.76 (median = 6.50). As shown in Table 2 , patients of low subjective SES reported significantly lower referral, enrollment, and participation in CR than those of high SES. There was no significant difference between patients of low versus high SES in terms of percentage of CR sessions attended.
As shown in Table 2 , participants who rated themselves below the median on the subjective SES ladder reported significantly greater total CR barriers compared to those above (t = 4.47, p < .001). Patients of low SES perceived some of their greatest barriers to CR as: already exercising at home or in one's community, distance, severe weather, and cost. As shown in Table 3 , barriers that were significantly greater for patients of low SES were severe weather, distance, cost, transportation problems, I find exercise tiring or painful, I am too old, I don't have the energy, it took too long to get referred and into the program, I think I was referred but the rehab program didn't contact me, many people with heart problems don't go to CR, and they are fine, and I didn't know about CR when compared to patients of high SES.
Finally, a univariate analysis of variance with multiple predictors (factors) was run to ascertain whether the association between rurality and SES with CR barriers remained. The model was adjusted for sociodemographic and clinical characteristics shown to be associated with the CRBS at the bivariate level (Table 4 ) and in the literature [12] . Income and education were not included in the model as they would be confounded with subjective SES. As shown in Table 5 , the interaction between rurality and subjective SES was not significant. The significant difference in CR barriers among rural versus urban [F(1, 846) = 4.61, p < .05] and low SES versus high SES [F(1, 846) = 13.45, p < .001] patients sustained adjustment.
Patients who had coronary artery bypass graft surgery also reported significantly lower CR barriers (1.90 ± 0.74 versus 2.12 ± 0.71, p < .001) compared to those who did not undergo this type of surgery. Given this was a novel finding, post-hoc comparisons of CR barriers among patients who had bypass surgery versus those who did not was performed. Participants who had bypass surgery rated the following barriers significantly lower than patients who had not: I didn't know about CR (p < .001), I don't need CR (p < .001), I find exercise tiring or painful (p < .001), time constraints (p < .001), I don't have the energy (p < .001), My doctor didn't feel it was necessary (p < .001), Many people with heart problems don't go to CR and they are fine (p < .001), I can manage on my own (p < .001), and I prefer to take care of my health alone not in a group (p < .001).
Discussion
Upon comprehensive assessment of CR barriers in this broad sample of cardiac outpatients, this study confirmed that rural inhabitants and patients of low SES experience significantly greater barriers to CR when compared to their more resourced counterparts. Analyses also demonstrated that bypass patients may experience fewer CR barriers than patients who have other indications for CR. To our knowledge, this is a novel finding.
One of the most important findings is the systemic barrier whereby patients of low SES were less likely to be referred to CR than their high SES counterparts. Given referral is a pre-requisite for enrollment, there should be a focus on interventions to improve referral systems so all patients, regardless of SES, have the same likelihood of being offered CR. Indeed, research by our group has demonstrated that systematic referral strategies result in significantly higher rates of CR referral and enrollment for patients of low SES, when compared to usual referral practices [34] .
Given the burden of risk factors and poor outcomes demonstrated in rural cardiac patients and those of low SES in the literature [7] , systematic identification and modification of barriers in these populations is warranted, to optimize their use of proven CR services. Interventions involving motivational communications delivered through letters, telephone calls, and home visits, as well as the use of liaison healthcare providers to support coordination of care, have all been shown to be effective in increasing uptake of CR [35, 36] . Moreover, triage to structured and monitored home-based CR programs could enable rural inhabitants to overcome many of their identified barriers such as distance, and low SES patients to overcome many of their barriers such as transportation and costs (although this has not been tested). While these strategies have been known now for well over a decade, there has been a widespread failure to implement them. As pointed out by Valencia et al. in their recent review [7] , when noting that home-based CR has not been widely implemented, this may be due to CR funding models. Similarly, it is likely that resource constraints are to blame for the lack of broad implementation of other known strategies as well.
Most recently, interventions tailored to overcoming identified barriers and improving CR utilization in these under-served populations are being empirically tested. For instance, recognizing that healthcare providers should identify under-served populations prior to discharge from the hospital, Meillier et al. [24] have developed a system to screen inpatients' educational attainment as well as social support. They have tested the feasibility of their "social differentiation" approach, and go further to triage identified patients to an augmented model of CR. Their preliminary results were promising, suggesting high rates of program adherence in both models of care.
The novel finding that bypass surgery patients may experience significantly fewer barriers to CR is consistent with previous research which has shown greater CR utilization in bypass, when compared to percutaneous coronary intervention patients, for instance [37] . Upon reflection on the items which differentiated between the bypass and nonbypass patient barriers, the issue seems to center on lack of perceived need for CR. This appears to be the case for both patients and providers, although this contention warrants investigation prior to such interpretation. Indeed, from the patient's perspective, those receiving bypass surgery likely do have more severe disease than those undergoing percutaneous coronary intervention. Moreover, there has been less research establishing the benefits of CR postpercutaneous coronary intervention when compared to bypass surgery, however CR is indicated in both instances. Motivational interviewing [25] could be helpful in addressing these non-logistical barriers identified by non-bypass patients, including perceptions that the norm is not to attend CR, and that they can manage their disease without the support of a CR program.
Limitations
There are several limitations to this study. First, recall bias may be at play as a result of the amount of time that would have elapsed between healthcare provider interactions where CR may have been discussed, and completion of the one-year follow-up survey when the CRBS was administered. Second, patient-report of CR utilization may be inaccurate. However, previous research by our group has shown relatively high concordance between patient-and chart-report of CR utilization [38] . Moreover, patient-report of perceived healthcare provider and health system-level CR barriers may be biased. Third, generalizability of the findings are limited by some selection and retention biases in the sample, and to health care systems where CR services are not paid out-of-pocket by patients. Fourth, the indicator of rurality (i.e., drive time of greater than 30 minutes to acute care) may not accurately categorize patients. For instance, some CR programs are offered outside of acute care hospitals. Moreover, we did not observe a higher burden of risk factors in our rural compared to urban sample. In future studies, an alternate indicator such as distance to the closest CR site should be applied. Finally, due to the nature of the crosssectional study design, causal conclusions cannot be drawn.
In conclusion, this study confirmed that rural inhabitants and patients of low SES experience greater barriers to CR compared to their more urban, high SES counterparts. The barriers more strongly-endorsed by rural patients and those of low SES appeared at the patient, provider and health system-levels. Indeed, as raised in the recent review paper by Valencia et al., [7] remedying these access disparities will accordingly require a multi-level approach. It is time for broader application of proven strategies to promote greater CR enrollment, and to develop and test tailored interventions to address the primary barriers identified for these vulnerable subpopulations of patients.
